Both lipase and esterase activities were present in intestinal contents of all newborns studied, from the Fist day of life. In adults given a test meal lipase activity increased and esterase activity remained unchanged. In contrast, both activities decreased markedly in infants on feeding. During the digestion of the test meal the lipase activity in intestinal contents of the infants was much lower than in adults (ratio of median values 1:27) and the esterase activity was also several fold lower (ratio of median values 1:4.3).
This enzyme is usually assayed against water soluble esters. However, in the presence of bile salts it also hydrolyzes some lipids, e.g., monoglycerides, cholesteryl esters, retinol esters (8, 10) and may have a role in the digestion and absorption of these compounds. The activity of this enzyme has not previously been measured in infants. In the present study lipase and esterase activities were measured in duodenal contents collected from fasting newborns and adults and the activities were followed during a test meal.
MATERIALS AND METHODS

INTESTINAL INTUBATION AND SAMPLING
Ten fasting infants (clinical data are listed in Table 1 ) were investigated as follows: before a scheduled meal a feeding tube was introduced into the stomach and by gentle manipulation, sometimes with the aid of a guide wire, the tip of the tube was passed into the duodenum which was indicated by a flow of bile stained juice with pH above 5 as measured with pH-indicator papers.
Duodenal contents were collected from seven other preterm infants (clinical data are listed in Table 2 ) before and at intervals Absorption of dietary lipids proceeds less efficiently in infants after the intake of a test meal of heated human milk, Before the than in children and adults (20, 21, 23) . Deficient solubilization test meal was given the desired position of the feeding tube, i.e., of lipids and of lipolytic products formed in the intestine because near the ligament of Treitz, was in each case controlled by of low concentrations of intestinal bile salts has been suggested fluoroscopy, In order to control that the feeding tube remained as an important factor limiting the utilization of lipids in infants in the duodenum throughout the sampling period the pH of each (17, 20, 22) . Another possible explanation could be low intes-specimen was measured with a pH meter, In some infants tinal of lipolytic enzymes. At birth the human exocrine duodenal ,-ontents were collected during two consecutive meals. pancreas seems not to be After iv stirnu-At the time for this study, all infants were bottle fed pasteurized lation with intestinal hormones (secretin and cholecystokinin-human milk or cow,s milk formula every third or fourth hour pancreozymin) lower outputs of bicarbonate and enzymes from and were thriving well on this regimen. Further, seven healthy the pancreas were found in infants as compared to older subjects adults were studied with the same technique (clinical data are (6, 24). A response of adult level to such stimulation is not listed in Table 2 ), found until the child reaches the age of about 2 years ( 6 ) .
When possible about one ml of duodenal content was syFurthermore, mature histologic structure of the gland does not phoned into ice-cooled tubes. T~ prevent proteolytic inactivaappear until this age (19) .
tion of the esterase activity 0.2-0.5 ml of each sample was Dietary lipids, consisting mainly of long chain triglycerides, immediately diluted 1:5-1 :20 with 0.
Tris-HC1 buffer, pH must be transformed into more polar products, e x . , fatty acids 7,4, 6.0 mM in sodium taurocholate (9), Thus diluted the and monoglycerides, before are absorbed the esterase activity was stable for at least one week at + 4 O , The mucosal cells. The lipolytic process begins already in the stom-remaining part of each sample was frozen and stored at -200 ach where an appreciable amount of the dietary triglycerides are until lipase activities were measured, hydrolyzed to mainly diglycerides and fatty acids (13, 14, 18) by a lipase which is probably secreted in the pharynx (1, 14). TEST 
MEALS
Further hydrolysis to primarily 2-monoglycerides and fatty acids then takes place in the intestine by the action of pancreatic
The infants were given, at the time for a scheduled meal, lipase (EC 3.1.1.3). Together with intestinal bile salts these heated human milk, 20-30 ml/kg body wt, i.e., the same amount products form water-soluble aggregates, mixed micelles, which of milk as in an ordinary feeding. The milk was heated to then carry the lipolytic products to the intestinal mucosa for inactivate the bile salt-stimulated lipase (15). The fat content of absorption (1 6).
the milk was assumed to be 4 % (12) and thus in each meal a fat Pancreatic juice also contains a carboxylic ester hydrolase (EC load of 0.8-1.2 g milk fat was given per kg body wt. The adults 3.1.1 . l ) which will be called "esterase" in the following text. were given test meals containing commercial cow's milk (3% 632 FREDRIKZON AND OLIVECRONA milk fat) and cream (40% milk fat) mixed in appropriate proportions to give a fat load of 1 .O-1.2 g milk fatlkg body wt. Of this mixture, 450-850 ml were given as the test meal.
ASSAY METHODS
Lipase activity in duodenal contents was measured by continuous titration of butyric acid released from mechanically emulsified tributyrin at pH 8 (2, 10, 13). Borgstrom and Hildebrand (2) recently reported that lipase and colipase activities in human intestinal contents are similar, and that both these proteins are secreted in parallel on stimulation of pancreatic secretion by a test meal. A t pH 8 lipase activity against tributyrin showed little change on addition of extra colipase (2). Colipase activities were not measured in the present study. However, in several cases bile salts were added to the assay but this caused no large change in the rate of lipolysis indicating that the infant's intestinal contents contained sufficient amounts of colipase to prevent strong inhibition of the lipase activity by bile salts. The assay conditions used here are favorable for pancreatic lipase and it is likely that the activity recorded reflects primarily this lipase. However, a lipase of intestinal origin has recently been described in the rat (11). If this lipase is present also in humans it might contribute to the activities recorded. A t pH 8 the lipase present in gastric contents has negligible activity (13) and should not make any significant contribution to the activities recorded in the present study.
Esterase activity in duodenal contents was measured at pH 7.4 according to Erlanson (8) , with the following modification of substrate preparation: 100 pmol p-nitrophenyl acetate were dissolved in 1 . O ml acetone and then added with a submerged pipette to 99 ml distilled water. The release of p-nitrophenol was followed spectrophotometrically as described (13) or on a Rotochem I1 parallel fast analyzer (AMINCO) at 405 nm for 135 sec after the addition of enzyme. The mmolar extinction coefficient for p-nitrophenol at pH 7.4 was 13.9.
The release of butyric acid and p-nitrophenol, respectively, was linear with time and enzyme concentration under the conditions used. Reproducibility of the assay systems was tested Light for date according to Swedish standard curves for intrauterine growth (7).
by measuring the enzyme activities in one sample 10 times during one day. The mean activity of this sample against tributyrin was 692 U/ml, SD = 32 (4.6%), the mean activity against p-nitrophenyl acetate was 14.2 U/ml, SD = 0.64 (4.5%). One enzyme unit is defined as that amount of enzyme that releases 1 pmol fatty acid or 1 pmol p-nitrophenollmin; U/ ml refers to enzyme activity in 1 ml duodenal juice.
Statistical analysis was performed according to Wilcoxon's rank sum test.
RESULTS
FASTING SUBJECTS
Enzyme activities recorded in fasting subjects are listed in Table 1 together with clinical data on each case. In a few samples the volumes were too small to allow measurements of both lipase and esterase activities. With this reservation both activities were always present in the samples studied. There was a large variation between values recorded in different individuals which precluded a meaningful comparison of lipase or esterase activities between subjects of different ages.
TEST MEALS
All samples of duodenal contents were bile stained before milk was given. In infants most samples collected during the first and second hours after feeding were visibly diluted with milk, in contrast to samples obtained from adults which were bile stained throughout the collecting period and in which only traces of clotted milk were seen. During the third hour after feeding samples from infants again became more bile stained.
Before the test meals the median lipase activity in duodenal contents from the infants was less than half the median value recorded in adults whereas there was no large difference in the median esterase activities (Fig. 1, Table 2 ). However, as pointed out above, the individual variation was large both in infants and in adults. After the test meal was given both lipase and esterase activities decreased rapidly in all but one infant and low activities were found during the first and second hours after feeding in all infants. Thereafter, both enzyme activities increased towards values recorded before the feeding. The lipase and esterase activities changed in a similar fashion during the test meal in all cases studied. In all the infants studied during two test meals a decrease of the lipase activity was also observed during the second test meal (Fig. 2) .
In contrast to the findings in the infants, but in good agreement with previous studies (2, 5 ) , the lipase activity in intestinal contents increased in the adults after the test meal (Fig. 1) . Thus, whereas the difference in median lipase activities between adults and infants was only about 2-fold (statistically not significant) before the test meal, the difference increased during the test meal to more than 10-fold (median 27-fold during the first hour, P < 0.01). The median esterase activity did not change markedly during the test meal in the adults (Fig. 1) . Before the meal there was no significant difference in esterase activity between infants and adults, but the decrease of this activity in the infants (Fig. 1) resulted in a significant difference compared to the adults during the meal (median 4.3-fold during the first hour, P < 0.05).
DISCUSSION
Both lipase and esterase activities were present in all newborns studied, from the first day of life. The median value for fasting than during meals. It is possible that frequent feedings in infants result in a more or less constant flow of milk into the duodenum which creates a constant stimulus for the pancreas to secrete enzymes. Thus, the ability to further increase this secretion after a test meal may be small under the conditions we used. This is illustrated in Figure 2 where two consecutive test meals were given at times coinciding with the normal feeding routine for newborns. A further factor which certainly contributes to the low enzyme activities is the extensive dilution of the intestinal contents as a result of ingestion of comparatively large amounts of milk and rapid gastric emptying (17) .
During the actual digestion of the test meal the lipase activities in the intestinal contents of the infants were much lower than in the adults (Fig. I) , and the esterase activities were also several fold lower. This may well result in a comparatively low rate of lipolysis which may impede the digestion and absorption of the milk lipids. This could contribute to the less efficient lipid absorption often observed in newborns. the second quartile; the third quartile is indicated by T.
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lipase activity was less in the infants than in the adults, but 7. Engstram, L., Karlberg, P., Olsson, T., and Selstam, U.: Birth weight and individual variations were large. However, to evaluate the height of newborn swedish infants with relation to gestational age. (In digestive capacity, it is of much more interest to compare the enzyme activities during a test meal than under fasting conditions. In adults, the present study showed, in concert with previous observations, an increase of lipase activity upon feeding (2, 5 ) . This is due to stimulation of pancreatic secretion by food (5). The response to feeding in the infants was strikingly different from that in adults. In all infants studied both lipase and esterase activities decreased several fold. Low activities of pancreatic enzymes after feeding have previously been reported in preterms by Borgstrom (3), in fullterm infants by Norman (17) , and in healthy children (4). However, the actual decrease of enzyme activities as a result of feeding was not emphasized in these studies and no comparisons with the adult response to feeding were made. The present study demonstrates that although in adults the level of lipase activity is lower during fasting than during meals, in infants the level is much higher during
